GLASS CERAMIC SINTERED BODY AND WIRING 
BOARD USING THE SINTERED BODY 



BACKGROUND OF THE INVENTION 
(Field of the Invention) 

The present invention relates to a glass ceramic 
sintered body that is best suited as an insulating 
substrate in a wiring board used for packages for 
accommodating semiconductor devices ( semiconductor 
packages), to a method of producing the glass ceramic 
sintered body and to a wiring board using the glass 
ceramic sintered body. 
(Description of the Related Art) 

in recent years of highly degree of information 
where information and communication technology is 
rapidly advancing, attempts have been made to further 
increase the speed and sizes of semiconductor devices. 
To meet these demands, it has also been desired that 
the wiring board used for the semiconductor packages 
have wiring layers of decreased resistance in the 
wiring board and a decreased dielectric constant to 
decrease transmission loss of signals. To fulfill the 
demand, there has been proposed a wiring board having 
an insulating substrate by using glass ceramics of a 
low dielectric constant, that can be densely formed 
upon firing at not higher than 1000°C and that can be 
co-fired together with the wiring layer comprising a 
low-resistance metal such as copper, silver or gold as 

a chief component. 

Here, semiconductor devices comprising chiefly 
silicon tend to exhibit decreasing mechanical strength 
as the devices are designed to operate at high speeds. 
When the semiconductor devices are mounted (primary 
mounting) on a package for accommodating semiconductor 
devices, therefore, a problem may arouse in that the 



• destroyed due to thermal 

semiconductor devices are destroye 

stress produced by mismatching rn the thermal 
expansion-coefficient between the devices and the 
oackage As the size of the device increases, 
further; the thermai stress increases correspondingly, 
fod tne devices become more probable to be damaged 
It has therefore been desired to decrees .the 
thermal stress that affects the primary mounting by 
bringing the thermal expansion-coefficient of the 
package to meet the thermal expansion-coef f rcrent ,2 

nn-6/V at 40 to 400°C) of silicon. 
t0 4 For exile Japanese Examined Patent Publication 
(Kokoxu) NO. 58198/1992 discloses . Qf 
' amic circuit board having a small coefficient ox 
ceramic circu insulating material, 

thermal expansion by using, as mu n it e 
a glass ceramic sintered body comprising nullxte, 

4-- ^i=eq and borosilicate glass. 
^ Purther, Japanese unexamined Patent Publication 
(Kokai)^ No 254923/1993 discloses a ceramic insulating 
^strata having a small coefficient of thermal 
expansion capable of forming a wiring o 1~ 
resistance by combining a borosrlrcate glass 
comprising Si0 2 , B 2 0 3 , K 2 0 and .1,03 with alumina, 
nordierite or quartz glass. 

The wiring board using the above-mentioned 
conventional glass ceramic sintered body - a 
insulating substrate realizes a small coefficient 
insulating s possible to improve 

^.u^-mai pxDansion ana maxes u 

Virility of the T ^ZZ^JT^ by 

,~ ~ ,hnut 15 to 20 x 10 / C) , 
of thermal expansion e.g., about 1* ion _ 
however, mismatching in the the thermal e ** 
coefficient becomes very great to impair reliability 
in the secondary mounting. 



SUMMARY n r THE INVENTION 

^^^^-^Tr^I^r™ o^ect cf the present 
invention to provide a glass ceramic sintered body 
that can be co-fired together with a low-resistance 
Tetal such as siiver, copper, gold or the like metal, 
has a small coefficient of thermal expansion, a low 
dielectric constant and a small Young's modulus and 
is test suited as an insulating substrate capable of 

ormin a -ring board maintaining ^ 
primary mounting as well as hrgh reliability of 
secondary mounting, and a method of producing the 



same 



It is another object of the present invention to 
Dr oviae a wiring board having an insulating substrate 
'adlof the above-mentioned glass ceramic sintered 
bodv and a mounted structure thereof. 

The present inventors have studied the above 
problems, have discovered that a glass ceramic 
sintered body obtained by firing a mixed powder of a 
iller powder and a glass powder containing SiO,, 

n r\ =nH r Do at a predetermined ratio, has a 
Al2 °V I'erfictnt of ermal "expansion, a low 
^electric constant and a small Young- s modulus that 
a wiring board having an insulating substrate formed 
bv using the glass ceramic sintered body having such 
properties features high reliability in the primary 
hunting as well as in the secondary mounting, and 
have finished the present invention. 

According to the present invention, there is 
provided a glass ceramic sintered body ~nt.xnin, 
cordierite and gahnite as crystal phases having a 
thermal expansion-coefficient at 40 to 400 C of not 
thermal v dielectric constant of not 

Merger than \ an^a 'young" modulus of not larger than 



150 GPa. 



According to the present invention, further, 
there is provided a method of producing a glass 
cerate sintered body by mixing a glass powder havxng 
the following composition: 
Si0 2 : 30 to 55 mass% 
A1 2 0 3 : 15 to 40 mass% 
MgO: 3 to 25 mass% 
ZnO: 2 to 15 mass% 
B,Ch: 2 to 15 mass% 
and a finer powder together to ^7 ^ll J 
containing not less than 59.5 mass% of the glass 
oowder forming an article by molding the mixed 
I and firing the article in the atmosphere , or m 

a nitrogen atmosphere at a temperature of not higher 

than 1050°C. a s 
According to the present xnventxon, there xs 
further provided a wiring board having wirxng layers 

fa low-resistance metal arranged on a front surface 
and/or inside of the insulating substrate of the glass 

ceramic sintered body. 

According to the present inventxon, there xs 
further provided a mounted structure of a wxrxng board 
obtained'by mounting the wiring board on a surface of 
a printed wiring board that has an xnsulatxng 
substrate containing an organic resxn. 
npTF ^ DESCRIPTION OF THE DRAWING 
Fia i is a sectional view schematxcally 

illustrating the structure of a wiring hoard having an 

insulating substrate made of a glass 

body of the present invention of when it is used for 
Douy u r RRA-tvoe semiconductor 

package for accommodatxng a BGA type s 

device mounted on a printed wiring board. 
n^jraT T^.P DESCRIPTION OF THE INV ENTION 
(Glass ceramic sintered body) 

A glass ceramic sintered body of the present 



invention is obtained by firing a mixed powder of a 
a cerate powder of a predetermined composition 
and a filler powder, and has an important feature in 
that it contains oordierite Wg^Si^e) and gahnite 
(ZnAl 2 0,) as crystal phases, exhibiting a thermal 

pension-coefficient at ,0 to 400'c of not larger :_th» 
71 10-VC particularly, not larger than 4 .8 x 10 / C 
and, most desirably, not larger than 4.5 x 10 / C a 
dielectric constant of not larger than 7, 
d p ticularly, not larger than 6.5 and most desirab y 
not larger than 6, and a Young's modulus of not larger 
than 150 GPa, particularly, not larger than 140 GPa 
and most desirably, not larger than 130 GPa. maxing 
it possible to decrease the thermal expansion- 
coefficient, dielectric constant and Young' . modulus . 
Namely, the glass ceramic sintered body o the 
invention having the above properties rs best suited 
for use as an insulating substrate in the wiring board 
(in the following description, the thermal expansion- 

of the glass 

ceramic sintered body is close to, for example the 

device at the time of primarily mounting the 
fern conductor device comprising chiefly silicon on the 
Tiring board (insulating substrate). As a result, 
high reliability is maintained in the primary 
mounting. When the thermal expansion-coef icien of 
the glass ceramic sintered body is larger than the 

reliability decreases in the primary 
above range, reiiaoxxiuy 



mounting . 

It is further desired that the dielectric 
constant is low to shorten the signal delay time in 
the wiring board. Even from this point of view, the 
glass ceramic sintered body of the present invention 
is suited for use as an insulating substrate in the 
wiring board. For example, if the dielectric constant 
of the insulating substrate is greater than the above 
range, the delay time of the wiring board becomes long 
to deteriorate the performance. 

Further, a low Young's modulus means that the 
glass ceramic sintered body tends to be easily 
deformed by stress. That is, when the thermal 
expansion-coefficient of the insulating substrate is 
brought into match with that of the semiconductor 
device by lowering the thermal expansion-coefficient 
of the glass ceramic sintered body, a difference in 
the thermal expansion increases between the insulating 
substrate and the printed wiring board at the time of 
secondary mounting on the printed wiring board. By 
using the glass ceramic sintered body having a low 
Young's modulus as the insulating substrate, however, 
it is allowed to relax the thermal stress generated in 
the secondary mounting portion by utilizing the 
deformation of the insulating substrate making it 
possible to improve reliability in the secondary 
mounting. When, for example, the Young's modulus is 
greater than the above range, reliability in the 
secondary mounting is greatly deteriorated. 

Further, the glass ceramic sintered body of the 
present invention can be obtained by firing at a low 
temperature (not higher than 1050°C) owing to the 
properties of the glass ceramic, and can be co-fired 
together with a low-resistance metal such as silver, 
copper or gold. Therefore, formation of the wiring 
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laye r of such a low-resistance and ^ication 

j-^i nhaqp are essential 
phaaa ana th e ,a h n t c V .^sse ^ 

components for lower . ^ ^ ^ 

lowering the ceramit: sinter ed body. 

Young's modulus of the gia cor dierite 
m particular, it is ^^f^ Ceramic sintered 
orystal phase rs present « th g 

£^ " llferThan". mass, and most 

-Thif rfn e it is 2^-.^^. . 

expansion-coefficient, dielectn 

modul us increases^ ^ cryst 

and thi Unite =^,-1 Phase are at leas, .partly^ 

ST^S^ rahn-pLders and b y firing a 
.p ^hp.op nowders and a glass puwuci, 

re"; l vziji* 

IZ J P-e -d the ^^i-a* 
to conduct the firing 0 on precipitating 

^^l^T« rr Smaller than „. 

Z offering advantage ^^^f-^ 
staining mechanrca 1 ah lr y^ 

Hilt] m "St" sfrTl " is entirely precipitated from 
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t-he alass powder. As for the cordierite crystal 
filler powder which is separate from tne gx* * 

incre r t Lt:%rr s ; s - r ---- 

present invention «... th ; ^ P"** • - 

as impurities. It is, no larger 
contents of PbO and A 2 0 are suppressed to be not i g 

present invention m ay further contain crystal phases 
o her than those of cordierite and oahnrte as a as 
the ab ove-nentioned P^Ues a « t ^ ^ 

selecting these other crystal phases, it 
adiust the properties of the glass ceramic sintered 
loZ to become further suited for the insulating 

^Tor^ample, at least one ,ind selected fro, - 
group consisting of alumina (Al 2 0 3 ) , spinel (MgAl 2 0 4 ) , 
mullite(3Al 2 0 3 -2Si0 2 ), anorthite (CaAl 2 Si 2 0 8 ) , 
mullite 2 3 , celsia n(BaAl 2 Si 2 0 8 ) and 

slawsonite (SrAi 2 si2^8; <- „ . al nhase to 

;rer that ^ £ ; rihed later — - 

rrse'th/treLl e X pansion-coefficient or 
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th. dielectric constant and, particularly to lower 

Z>T;^Z\ M be -3cri b e d later by £i r ing . 

Hhen alumina (Al.O,) or 2 xrconra<Zr 0 2 s 
contained as another crystal phase, the flexure! 
™ of the class ceramic sintered body can be 

TZZZ 11 t not smaller than 300 HPa ^ 
the resistance against chemicals can be increased. 
Here the resistance against chemicals (chemrcal 
Stance, is an important property . 

fa era, c-aused by the plating at the time of formrng^ 

wiring layers on the insulatrng subst ""' 

th e £ le X ural strength and or ^ 

IZTrZs*^ P—t in the glass ceramic 
sintered body in an amount of 5 to 35 ^ 
particularly, 8 to 33 mass% and, most desrrably, 

' 30 Turther, when enstatite ,MgSi0 3 , and *o«.t.rit. 

class ceramic sintered body. For example, by 
the glass cer * forsterite and the above- 

containing enstatite and/or 

rnritsrrhirroVa^rrn r^ass ceramic 
LteredTody. the flexurel -rength can be n 
to be not smaller than 200 MPa and, particularly, 

—/urrr/rheTlass ceramic sintered body . the 
pr esent invention may contain such crystal phases 
Si0 2 , Ca 2 MgSi 2 0„ Sr 2 MgSi 2 0„ Ba 2 MgSr 2 0 7 , ZnO, 
Z „ 2 sr0„zn 2 zr0„ CaMgSi 2 0 6 , Zn 2 Al.Si 5 O ie . CaSr0 2 , SrSr0 3 



10 



and BaSi0 3 in a total amount of not larger than 15 
. , -i r,^ larnpr than 10 mass% and, 
mass %, particularly, not larger tnan there by 
m ore particularly, not larger than 5 mas s% to thereby 
Control sintering properties and characteristics of 
the qlass ceramic sintered body. 

The glass ceramic sintered body of the present 
invention is obtained by firing by using the glass 
powder. Namely, constituent components forming a 
portion of the glass powder are precipitated as 

CaO is generated from the filler powaer i 

Ca compound) and dissolves in the glass phase. As 

will be described later in detail, the glass powder 

used in the present invention contains B 2 0 3 as 

essential component to lower the 

and the melting temperature. B 2 0 3 serves as 

factor for lowering the chemical resistance of the 

sintered body. However, CaO that is dissolved in the 

glass phase as described above infiltrates 

predominantly into a three-coordinate newer 

in the glass phase, causes the network of B 2 0 3 to be 

changed into a four-coordinate network having 

excellent chemical resistance thereby to improve the 

chemical resistance of the sintered body. It is 

desired that CaO is present in the glass phase at a 

ma ss ratio CaO/B 2 0 3 of not smaller than 0.01, 

particularly, not smaller than 0.03 and most 

desirably, not smaller than 0.05. In the present 

Mention it is particularly desired that such CaO is 
present in the glass phase and that the above- 
Mentioned alumina crystal phase is contained from the 
standpoint of chemical resistance. The glass ceramic 
sintered body exhibits excellent chemical resistance 
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-si ma =!=!% HF (hvdrogen fluoride) 
and when immersed in a 1-masso wtmyu y 

solution for one minute, 
not larger than 3.0 ugW, particularly, not larger 
than 2.5 ugW and, .oat desirably, not U^an 
2 0 ugW- Namely, the processing such as »i Au 
Piating^r Cu-Au plating is executed at the t« of 

"in wiring layers on the insulating " d 
. „ treatment is carried out for removing the lass 
layer formed on the Hiring layers. The « 
gives the greatest damage to the surface of the 
insulating substrate (to the surface of the =««« d 
body, often causing the ^•^»«^' t .' £ 
discolored, to develop stains, or causing a a 
in the adhesion of the wiring layers. However the 
£ass ceramic sintered body that permits the weight to 
decrease very small when immersed in the 1 mass. Hb 

solution for one minute, exhibits a very high 
resistance against the treatment with chemicals, and 
effectively precludes inconvenience caused by the 

treatment. , , . roH 

(Method of producing the glass ceramic sintered 

^^"to produce the above-mentioned glass ceramic 
sintered body, a mixed powder of the glass powder and 
the filler powder which are the starting powders is 
formed into a slurry thereof for molding and is 
m olded into an article of a desired shape followed y 
firing at a temperature of net higher than 1050 C. 

■ GlaS T S heTr d es r en"t invention uses a glass powder having 

at least the following c ° m P° siti °"- 35 to 50 mass% 

Si0 2 : 30 to 55 mass%, particularly, 35 t 
R1 2 0 3 : 15 to 40 mass%, particularly, 20 to 

maSS% M gO: 3 to 25 mass*, particularly, 5 to 20 mass% 
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ZnO: 2 to 15 mass*, particularly, 4 to 12 mass% 
8,0, • 2 to 15 mass*, particularly, 4 to 12 mass. 
The above glass powder is necessary for effecting 
the sintering at a low temperature of not higher than 
10 50-C which is a temperature at which ^ the ^ low- 
resistance conductor such as copper, silver or gold 
co-fired. With the glass powder being softened and 
fluidized, the sintering can be effected at a o„ 
temperature. In order for the cordierite crystal 
Thase and gahnite crystal phase to be precipitated by 
firing, further, it is necessary to use the glass 
powder having the above-mentioned composition. 

The amount of the glass powder in the mixed 
powder in which is contained the filler powder that 
will be described later, may vary depending upon the 
kind of the filler powder, but must be contained in 

he mixed powder in an amount of at least not smaller 
than 59.5 mass%, preferably, not smaller than 60 mass, 
and, particularly preferably, not smaller than 64 5 
maS s% «hen the amount of the glass powder is small, 
Te sintering cannot be effected at not higher than 
1050-C. When the glass powder only is used, further, 
it becomes difficult to maintain the shape of the 
molded article. It is therefore desired that the 
amount of the glass powder in the mixed powder not 
la rger than 99 mass%, preferably, not larger than 94^5 
mass% and, particularly preferably, not larger than 94 

I " aSS< The Si0 2 component in the glass powder is a 
network former of glass which is an essential 
component for precipitating, from the glass, «e 
crystal phase (particularly, cordiente, that contains 
such Sid as cordierite or mullite as a -nstituent 
component. When the amount of Sic, is smaller than 
above range, the cordierite crystal phase is not 
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precipitated in a sufficient amount, and xt becomes 
difficult to obtain the glass ceramic sintered body 
having properties that lie within a desired range. 
When the amount of Si0 2 is greater than the above 
range, on the other hand, the softening temperature of 
the glass so rises that it becomes difficult to effect 
the firing at a low temperature of not higher than 

10 C The A1 2 0 3 component in the glass powder works to 
improve the Young's modulus and chemical resistance of 
the glass, and is further indispensable for 
precipitating, from the glass, the crystal phase 
containing Al 2 0 3 as constituent components, for 
example, cordierite, gahnite, spinel and -ullxte 
(particularly, cordierite and gahnite) . When the 
amount of Al 2 0 3 is smaller than the above range, the 
cordierite and gahnite crystal phases are not 
precipitated in sufficient amounts and it becomes 
difficult to obtain the glass ceramic sintered body 
having properties lying within a desired range. When 
the amount of Al 2 0 3 is larger than the above range, on 
the other hand, the softening point of the glass so 
rises that it becomes difficult to conduct the firing 
at a low temperature of not higher than 1050 C. 
Besides, the Young's modulus of the glass ceramxc 
sintered body becomes so great that it becomes 
difficult to maintain reliability of the secondary 
mounting. 

The MgO component in the glass powder is 
indispensable for precipitating, from the glass, the 
crystal phase containing MgO as constituent 
components, for example, cordierite and spinel 
(particularly, cordierite). When the amount of MgO x 
smaller than the above range, the cordierite crystal 
phase is not precipitated in a sufficient amount and 



14 



it becomes difficult to obtain the glass ceramic 
sintered body having properties lying within a desired 
range. When the amount of MgO is larger than the 
above range, on the other hand, the Young's modulus of 
the glass ceramic sintered body so rises that it 
becomes difficult to maintain reliability of the 

secondary mounting. 

The ZnO component in the glass powder is 
indispensable for lowering the softening temperature 
of the glass and for precipitating the gahmte crystal 
phase from the glass. When the amount of ZnO is 
smaller than the above range, the gahnite crystal 
phase is not precipitated in a sufficient amount and 
it becomes difficult to obtain the glass ceramic 
sintered body having properties lying within a desired 
range. When the amount of ZnO is larger than the 
above range, on the other hand, the softening point of 
the glass decreases and it becomes difficult to 
maintain the shape of the glass ceramic sintered body 
and, besides, chemical resistance of the glass ceramic 
sintered body decreases to a conspicuous degree. 

Further, the B 2 0 3 component in the glass powder is 
a network former of glass and works to lower the 
softening temperature and the dissolving temperature. 
When the amount of B 2 0 3 is smaller than the above 
range, the dissolving temperature of the glass so 
rises that it becomes difficult to inexpensively 
produce the glass ceramic sintered product on an 
industrial scale and, at the same time, the softening 
temperature of the glass so rises that it becomes 
difficult to effect the firing at a low temperature of 
not higher than 1050C. 

When the amount of B 2 0 3 component is larger than the 
above range, on the other hand, the softening point of 
the glass decreases and it becomes difficult to 
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maintain the shape of the molded article and besides 
chemical resistance of the glass ceramic sintered body 
decreases to a conspicuous degree. 

So far as the amounts of these components lie 
within the above-mentioned ranges, the glass powder 
may further contain other components such as CaO SrO, 
BaO, Zr0 2 , Sn0 2 , oxides of rare earth elements and ^ the 
like component in amounts of not larger than 10 mass,, 
particularly, not larger than 7 mass% and, more 
particularly, not larger than 5 mass%. Thus, the 
sintering property and characteristics of the glass 
ceramic sintered body can be finely adjusted 

Here, however, PbO and A 2 0 (A: alkali metal) exert 
a large load against the environment and decreases the 
chemical resistance and the insulating property. It 
is, therefore, desired that the amounts of these 
components are suppressed to be not larger than 0.1 
mass%, respectively, in the mixed powder. 
- Filler powder - 

As the filler powder to be mixed to the above 
glass powder, there can be exemplified at least one 
kind of powder for adjusting basic properties 
(property-adjusting powder) selected from the group 
consisting of mullite, anorthite, slawsonite, celsian 
and quartz glass, as well as coardierite powder, 
alumina powder, CaO-releasing Ca compound powder, 
enstatite powder and forsterite powder, which may be 
suitably used in a single kind or in a combination of 
a plurality of kinds of them. 

" Among the filler powders exemplified above, the 
property-adjusting powder is particularly effective in 
lowering the thermal expansion coefficient and the 
dielectric constant of the glass ceramic sintered 
body. Among them, mullite, anorthite, slawsonite and 
celsian are effective in improving the flexural 
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strength as -scribed ^ ^'rC^' 
a particularly distinguished effect fo 
— 1 expansion coe rcr t d elect^ ^ 
Young's modulus. It rs desrr ^ 
abating powde r c arne d " -i-culari; 1 to 3S 
^ "To will not to impair the sintering property et 

rem enures and sue, that the .unctions are 
exhibited to a sufficient ^ree-When use d 
combination with the alumrna powder enstatr p 

or £o rsterite powder, ™- ^ ^ in the mixed 
content of the property-adjusting powder 
. i a r-rr^r than 20 mass-s. 

4. ^-f t-hP cordierite crystal phase m ^ y 
amount of the corax« itself as the 

entered body and exists by itseix 
ceramic smterea w * crecipitate the 

-see s::: 1 ! ^r^-r^ £ » - 

increased amounts from the glass w , egting 

mrdierite precipitated by neau 
the amount of coraieri^ f ma ss%, then, 

the giass B ( r s ::, ij^-'i. «- 

retired La obtained by firing the mixed powder 
smrereu filler powder) 

rrr-"C^ Vn an amount of , 

^"^^HEtT*/^ as described 
abo^the amount mass, of cordierite » £ ^ 

si ntered body can b mass% , particularly, 
for examp e, not -lie tha ^ particularly , not 

ZZr h n mass,. The content ,1 mass,, of such 
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cordierite powder in the mixed powder can be elected 
to lie in a range of 0.5 to 20 mass%, preferably, 1 to 
18 mass% and, most preferably, 2 to 15 mass%. 

Upon being made present in the crystal phase as 
described above, further, the alumina powder works to 
increase the flexural strength of the glass ceramic 
sintered body to be not smaller than 200 MPa as well 
as to increase chemical resistance. The alumina 
powder is usually made present in the mixed powder in 
an amount of 5 to 35 mass%, particularly, 8 to 33 
ma ss% and, most particularly, 10 to 30 mass,. When 
the alumina powder alone is used as a filler powder , 
however, the glass ceramic sintered body tends to 
exhibit an increased coefficient of thermal expansxon. 
It is therefore, desired that the alumina powder xs 
used in combination with the cordierite powder 

described above. n ^ coc r 3 o 

The CaO-releasing Ca compound powder releases CaO 
when it is being fired. The CaO dissolves in the 
glass and transforms B 2 0 3 that deteriorates chemical 
resistance into a four-coordinate structure that 
exhibits good chemical resistance. As the CaO- 
releasing Ca compound, there can be used an inorganrc 
salt such as oxide, halide, hydroxide, carbonate or 
oxalate. In particular, it is desired to use at least 
one kind of oxide selected from the group consisting 
of CaSi0 3 , CaZr0 3 , Ca 2 Si0 4 , CaAl 2 0 4 , CaAl 4 0 7 and 
CaAl 2 Si0 6 . Among them, it is most desired to use 
CaSi0 3 and/or CaZr0 3 . In order that a good - <*"*°* 
resistance is exhibited, it is desrred that the CaO 
releasing Ca compound powder is used in an amount 
calculated as CaO of not smaller than 0.01 mass times, 
particularly, not smaller than 0.03 mass times and, 
Lst particularly, not smaller than 0 05 
with respect to B 2 0 3 in the glass powder. In other 
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words, it is desired that the mass ratio (CaO/B 2 0 3 ) of 
CaO released from the Ca compound and B 2 0 3 in the glass 
powder is not smaller than 0.01, particularly, not 
smaller than 0.03 and, most particularly, not smaller 
than 0.05. In general, therefore, the CaO-releasing 
Ca compound powder is made present in the mixed powder 
in an amount of 0.5 to 15 mass%, particularly, 1 to 12 
mass% and, most particularly, 10 to 30 mass%. When 
the CaO-releasing Ca compound powder is used in 
combination with the alumina powder, the most 
increased resistance is exhibited against chemicals, 
and the reduction of weight can be suppressed to lie 
in the above-mentioned smallest range when the glass 
ceramic sintered body is immersed in the l-mass% HF 
aqueous solution for one minute. 

Further, the enstatite powder and the forsterite 
powder work to markedly improve the flexural strength 
of the glass ceramic sintered body. To increase the 
flexural strength to be not smaller than 200 MPa and 
particularly, not smaller than 240 MPa, it is desired 
that the enstatite powder and/or the forsterite powder 
are made present in an amount of 5 to 40 mass% and, 
particularly, 1 to 35 mass% in the mixed powder. To 
effectively lower the thermal expansion coefficient, 
dielectric constant and Young's modulus of the glass 
ceramic sintered body, further, it is desired that the 
enstatite powder and/or the forsterite powder are used 
in combination with the above-mentioned cordierite 
powder. For example, the cordierite powder and the 
enstatite powder and/or the forsterite powder are made 
present in the mixed powder in a total amount of not 
smaller than 4 0 mass%. When the enstatite powder or 
the forsterite powder is used, further, it is desired 
that the above-mentioned alumina powder and the 
property-adjusting powder are used in an amount of not 
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larger than 20 mass%, preferably, not larger than 11 
Zs* and. most preferably, not larger than 15 mass, 

^ ^Z'ZZZV invention as described above, one 
or two or more fillers are used in combination being 
blended with the glass powder to obtain the glass 
ceramic sintered body having desired properties. 
Described below are representative examples of 
combinations of various filler powders and the glass 

Cognation U, = Glass powder - property-adjusting 

powder 

Combination (2): Glass powder - property-adjusting 

powder - cordierite powder 
Combination (3) : Glass powder - cordierite powder - 

alumina powder - CaO-releasing Ca 
compound powder 
Combination (4): Glass powder - cordierite powder - 

alumina powder - enstatite powder 
and/or forsterite powder 
Axnong them, the combination (3) is most desired 
from the standpoint of obtaining a glass cetmc 
sintered body having the most excellent Propertxas 

Further, so far as the predetermrned amount of 
glass powder is maintained and sintering property at 
few temperatures is not impaired, there can be used 
filler powders other than those described above F< 
example! there can be used oxide powders selected from 
tne group consisting of Si0 2 , Ca 2 MgSi 2 0 7 , Sr 2 MgSx 2 0 7 , 
BaLsi 2 0 7 , Zr0 2 , ZnO, Zn 2 Si0 4 , Zn 2 Zr0 4 , CaMgS l2 0 6 
! *f «? o CaSiOa SrSi0 3 and BaSi0 3 in a total amount 
of not larger than 15 mass%, partrculariy, not larger 
th an 10 mass% and, more particularly, not larger than 
5 mass% being contained in the mixed powder in order 
to finely adjust the sintering property and 
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characteristics of the glass ceramic sintered body. 
- Molding - 

To the mixed powder of the glass powder and the 
filler- powder are further added an organic binder, a 
solvent and, as required, a plasticizer, which are, 
then, mixed together to prepare a slurry for molding 
The slurry for molding is, then, molded into a desired 
shape by known molding means, such as press molding, 
extrusion molding, injection molding, cast molding or 
tape molding. 
_ Firing ~ 

"~ The molded article obtained above is subjected to 
the binder-removing treatment at 450 to 750 C, and is 
fired in an oxidizing atmosphere or in a nitrogen ^ 
atmosphere at a temperature of not higher than 1050 C 
particularly, 700 to 1000C and, more particularly, 800 
to 950°C to prepare a glass ceramic sintered body of 
the present invention. 

When a wiring layer is to be formed by using 
silver or gold while using the glass ceramic sintered 
body as the insulating substrate of the wiring board 
that will be described later, the firing can be 
carried out in the open atmosphere since the conductor 
is not oxidized. When the wiring layer is to be 
formed by using copper, however, it is desired that 
the firing is carried out in a nitrogen atmosphere to 
suppress the oxidation of copper. 

The firing can be conducted in a reducing 
atmosphere. From the standpoint of cost and safety, 
however, it is desired to carry out the firing in an 
oxidizing atmosphere or in a nitrogen atmosphere. 

in order to promote the precipitation of the 
cordierite crystal phase and the gahnite crystal 
phase, further, it is desired that the temperature 
elevating rate after the binder-removing treatment is 
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50'C /hour higher and, particularly, 100'c /hour 

aLo desired that the firing temperature is -ntaxned 
for 0.02 to 10 hours and, particularly, 0.2 to ^ 
hours . 

(Wiring board) , 

The glass ceramic sintered body obtained as 
described above has a small coefficient of thermal 
expansion, low dielectric constant and low Young's 
modulus and, further, has excellent mechanical 
strength (flexural strength) and chemical resistance, 
and is belt suited for use as an insulating substrate 
in the wiring board. For example, the wiring board 
equipped with the above-mentioned glass ceramic 
insulating substrate offers excellent primary mount 
reliability in mounting a semiconductor device 
comprising chiefly silicon and, further, 
excellent secondary mount reliability in mounting the 
wiring board on a printed board. Further, the glass 
ceramic sintered body can be co-fired together with 
the wiring layer containing at least one kind of a 
low-resistance metal selected from the group 
consisting of copper, silver and gold, offering 
advantage from the standpoint of productivity and very 

high industrial utility. ,.„.>, 
The structure of the wiring board equipped with 
the insulating substrate of the above-mentioned glass 
ceramic sintered body will now be described with 
reference to Fig. 1 which illustrates a package for 

c o-odating an electric device of the BGA (ball ^rxd 
array) type on which a device such as a -mxconducto, 

^ ■ ^mnriqina chiefly silicon is mounted by flip 
device comprising oh-lcj-j-j 

chip mounting. , 

Referring to Fig. 1 which is a sectional view 
schematically illustrating the package mounted 
(secondary mounting) on the printed wiring board, the 
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oackage A for accommodating the electric device has 
"layers 2 formed on the surface and/or inside of 
th. insulating substrate 1 which ccmprrs s a pi rality 

^rgtiirricrir/L^er.rthirrhLr^-^ie 

-"Insulating layers la to Id are made of the 
above-mentioned glass ceramic sintered body of the 
invention, and the wiring layers 2 and the via hole 
conductors 3 are made of at least one kind of a low 
resistance metal selected from the group consisting of 

COP ^Z:\Vl^ of connection electrodes « 
are arranged on the lower surface of the !*W »■ 
At the central portion on the upper surface of the 
insulating substrate 1, an electric devic 5 such as 
semiconductor device is adhered and secured on the 
insulating substrate 1 by the flip-chip mounting via 
solder balls 6 and is, further, electrically connected 

to the package A. reliability of primary 

In order to enhance the reliability u v 

mounting, further, an underfill 1 containing a 

. An+or+e>d into between trie 

4-v^^rTnosettinq resin is m]ectea niuu 

electric device 5 and the package A. upon curing the 
underfill 7, the electric device 5 is firmly secured. 

»:".:»: — 

2 and via-hole conductors 3. 

On the other hand, a printed wiring board B 
formed on the upper surface of the 4Q 
substrate having a thermal expansion -efficient a t 

nn >r, f + n 90 x 10" 6 / C in a manner that the 
connect^ e^trfL* 4B and the connection electrodes 
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solder 9 and high-melting solder balls 8. 

According to the present invention, the 
insulating substrate 1 comprising the insulating 
levers la to Id is made of the above-mentioned glass 
ramie sintered bod, having a 

ZlZTTZl rargirThanTo La , offeri, , high 

Further, the insulating substrate 1 has a ^electric 
Further, t , or smaller and, besides, the 

constant of " « conduct ors 3 are made 

--is ance ^ such as copper, silver 
„ld Therefore, a delay of signals is decreased. 
" 9 Fig 1 has illustrated the silicon semiconductor 
device as the electric device 5. However, the wiring 
board of the present invention can forth., : be 
oreferably used even for mounting other electric 
devices having coefficients of thermal expansion of 
" than 5 x 10-Vc Further, the package of 

F fg iTs P-fer ably adapted to a case where the 
Ivice 5 is connected to the wiring layers through 
the solder balls 6. Here, however, the device 5 
wiring layers 2 may be connected together by 
bonding wires. Further, the device 5 may ^ 

„ u ating substrate 1 to accommodate the device S, 
and the cavity may be air-tightly sealed with 

Cl ° S 7ig 1 has illustrated a package structure of the 
BGA type 'in which the package * and the printed wiring 
board B are connected together through high-melting 
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solder balls. The invention, however , «»^'°^ and 
preferably applied to the packages of the EGA LGA 
LCC types in which the package A and the prrnted 
firing board B are connected together through a solder 
without using lead pins. That is, in these P-kages, 
a large stress occurs in the secondary mountrng, and 
reliability is required in the secondary mountrng. 
The present invention, however, offers greatly 
improved reliability in the secondary mountrng The 
present invention is effectively applied even to those 
packages that are connected by -^"^l" ^ 
balls, pole-like solder columns, resrn-contarnrng 
columns or pins, as a matter of course 

Next, a method of producing the wrrrng board of 

■ 11 k«, He^cribed with reference to the 
the inventron will be descrroeo 

case of the above package A. 

That is, by using the mixed powder of the 

predetermined glass powder and the filler powder, 

en sheets (sheet-like molded articles -e formed 

that correspond to the insulating ream layers la 
Id As required, through holes are formed rn the 
sheet-like molded articles and are filled «th a 
conducting paste containing at least one kind of a 
low-resistance metal selected from the group 
tons sting of copper, silver and gold. Then by usrng 
the conducting paste, wiring patterns are 
maintaining a thickness of 5 to 30 urn on the surfaces 
" the sheet-like molded articles by a known prrntrng 
method such as screen printing method or gravure 

Print T n h 9 en: et th°e d plurality of sheet-like molded articles 
are positioned, laminated, adhered with pressure and 
Z subjected to the binder-removing treatment rn the 
atmosphere or in a nitrogen atmosphere and «• *"•'« 
at not higher than 1050'C in the atmosphere or rn the 
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nitrogen atmosphere to prepare a wiring board 

When silver or gold is used as the conductor 
material, it is desired that the firing is conducted 
in the atmosphere since the conductor xs not oxidized. 

, h i=, desired that the fxrxng xs 
When copper xs used, xt xs desirea ti 

conducted in the nitrogen atmosphere to suppress the 
oxidation of copper. 

Then, the electric device 5 such as a 
semiconductor device is mounted on the surface of the 
wiping board, and is so connected that the -xgn.1. can 
be transmitted to the wiring layers 2. The connection 
method may be, as described above, the «^XP 
mounting by using solder balls, wxrxng bondxng, or a 
connection by being directly mounted on the wxrxng 

'"""Further, a gap between the semiconductor device 5 
and the wiring board A is filled with the underfxllxng 
agent 7 which is, then, cured. Or, the devxce xs 
coated with a potting resin which is, then, cured 
Or, a closure made of the same insulatxng material « 
the insulating substrate A, other insulating material 
or a metal having good heat-radiating property, is 
joined with an adhesive such as glass, resin or 
brazing material to thereby produce a package for 

accommodating the device. „ 0 „4.~ H to 

Balls 8 of a high-melting solder are connected to 
the lower surface of the wiring board A by using a 
low-melting solder. When the wiring board A xs to 
mounted on the printed wiring board B, the solder 
balls 8 of the wiring board A are placed vxa the low- 
melting solder on the wiring layers 4B on the surface 

of the printed wiring board B, and the wxrxng board A 

is secondarily mounted on the printed wirxng board B 

by the solder reflow treatment. 

EXPERIMENTS 
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Th e invention will now be described by way o£ 
Experiments. there were prepared 

r/b ""I "a a' an avera 9 e particle size oi 2 P*. 

'/be a-unts of the cordierite cry.- P- e 

precipitated when ^^^^atu I we e Measured by tne 
treated at a firm, temperature . n 
Liedberf s method to obtain the results 
Table 1- 

Table 1 



(Glass powders) 



Precipitated 

amount of 
Cordierite 
crystals 




(mass %) 



TV, o.fficients of thermal expansion, dielectric 
The coefficients u , strengths of 

-rrt.rb^rir^etoirirUr-ts. were 

measured as described below. 

Th "TheTntered b^-Tachined into a si.e o £ , 
„ x 11 x IS and a change in the srze was 
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measured by using a laser distance-measuring 
"lent w hile raising the temperature at a rate of 
io'c /min. to thereby measure a thermal expans.cn 
coefficient at 40 to 400 C. 

Dieiec T r e ic sin°t n e::r t b ; I1 y ^ — ■ ° f 50 

« , - « l.« mm, and a dielectric constant was 
"asured at 2 GHz by a cavity resonator method. 

^"^^tered body was machined into a size of 3 
„ x II x 40 mm. and a Young's modulus was measured 
by an ultrasonic pulse method. 

FleX 7hi peered body was machined into a size of 3 
„ x IL x 40 mm, and a three-point flexural strength 
1 11- in compliance with JISH-1601 by using an 
Autograph. 

'"^mre: Powders .average particie size of 1 to 2 

, r T3hles 2-1 and 2-2 were mixed into the 
urn) shown in Tables z ± 

g lass powders A to F of Table 1 to accomplish 

compositions shown in T * bl " J/^^ toluene were 
An organic binder, a plasticizer ai 

added to the mixtures to prepare -^/^ , 
which were, then, formed into green sheets having 

th icK„ess of 300 pm by a <«^« of number 

gr een sheets ^T^LT ^cZls. and were 
of pieces to obtain a oesireu 

thermally adhered together at a temperature of 60 C 
with a pressure of 10 MPa. bind er- 
The obtained laminates were put to the *xnder 
, mOTlt in a nitroqen atmosphere at 7bU 
"Hired in 3 rltmosPh^re under the conditions of 
Tables 2-! and 2-2 while elevating the temperature at 
a rate of 200'C /hour to thereby obtain glass ceramic 
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sintered L^l^eO ^ 

^ Further, crystal phases in the sxux. 

and 3-2. Furtner, identified from 

bodies of samples Nos. 1 to 38 were 
the X-ray diffraction measux :ement. The r 
main peak intensities arranged in order 
intensities were as shown in Tables 
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R s will b e c leai;i o V:: ll^lJXTzTl 
and 3-2, the samples Nos. 1 to 16, 9 to ' 
34 in which particular crystal phases are P«"P 
inclusive or the cordierite crystal phase and the 
gahnite crystal phase according to the present 
invention, exhibited good values, re, the 
coefficients of thermal expansion of not ^ large 

m /V dielectric constants not larger than 7, Young 
Suii oTn* larger than 1=0 .Pa and flexural 

- £~ - —tirrndTorarrouid 

: alpIH containing the glass powder in an amount 

" smaller than 39 mass* could not form a d ensely 
sintered body through the firi »« «* 1050 £ Zr0j and 

Ti02 rss.'su^^- - 7r ficients 

were larger than 5 ppm/C. 

(E ~ r Jr£yU= binder, a plasticirer and toluene were 
added and mixed to the starting powders mixed 

^ -F^r* thp samples Nos. 1 to b, s 
STo" o x e2entVl, to prepare 
having a thicKness of 250 um by the doctor blade 
metho 9 d . „ext, via-holes were formec « ^ „ ith 
sheets at predetermined positions and were tin 
S a conducting paste comprising chiefly coppe- Then, 
by using the conducting paste, wiring patterns 
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formed on the surfaces of the green sheets by the 
screen printing method. 

Four pieces of the green sheets were positioned, 
laminated, and were adhered with pressure. The 
laminates were subjected to the binder-removing 
treatment in water vapor-containing nitrogen at 750 C 
e d wire, then, heated at a rate of C /hour ^ 
f . rpH at 950 "c in nitrogen to prepare multi layer 
ITingToards having wiring layers comprising chiefly 

COPPe The obtained wiring boards were confirmed for the 

^fty^^ 
breakage. 

'^"iir sheets having wiring patterns and via-holes 
filled with the conducting paste were prepared by 
using the starting powders (mixed powders, of samples 
7os X to 38 in the same manner as in experiment 1-2, 
and were laminated such that the thickness after 
Ling was 1.5 mm. A flip-chip pad having pads 0.12 
» in diameter arranged like a matrix was printed on 
tte surface of the laminate by the screen printing 
r th od, and a ball pad having pads 1 ^TZTL. 
arranged like a matrix was formed on the back surfa 
thereof. The laminates of the green sheets were 
into 30 mm x 30 mm, and were fired under the 

. .„ T . hle . 2-1 and 2-2 to obtain 

conditions shown in Tables t 

wiring boards. The wiring layers were plated with 

Plating. Then, a eutectic solder paste was 
nrinted onto the ball pads, high-melting solder balls 
ITZ in diameter were positioned and P^^eon 

, flA „ treatment to obtain packages A 

followed by reflow treatment- 
mounting high-melting solder balls. chie fly 
Next, a semiconductor device comprising chiefly 
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silicon (coefficient of thermal expansion, 3 x 10 / C ) 
was placed on the surface of the package A so as to be 
positioned on the solder balls, followed by the reflow 
treatment. Then, an underfilling agent comprising an 
epoxy resin was injected into a gap between the 
semiconductor device and the package A and was cured 
to mount the semiconductor device through the flip- 
chip. 

Then, printed wiring boards B (coefficient of 
thermal expansion, 15 x lO'VO forming the same wiring 
patterns as those of the package A were prepared. The 
packages A were positioned and placed thereon followed 
by the reflow treatment thereby to prepare twenty 
secondarily mounted samples mounting the packages A on 
the printed wiring boards B. 

The secondarily mounted samples were subjected to 
the temperature cycle testing over a temperature range 
of 0 to 100'C. Resistances were measured both on the 
primarily mounted side and on the secondarily mounted 
side every after the completion of 100 cycles, and the 
presence of breakage was confirmed. The numbers of 
cycles at which the breakage has occurred were as 
shown in Tables 3-1 and 3-2. The samples without 
breakage up to 1000 cycles were regarded to be 

acceptable (OK). 

Further, a package was prepared by using the AIN 
ceramics (coefficient of thermal expansion, 4.7 x 
10- 6 /°C; Young's modulus, 310 GPa) of sample No. 39 as 
an insulating substrate, by forming wiring layers and 
via conductors by using tungsten, and co-firing them 
at 1600C. The package was subjected to the same 
temperature cycle testing to obtain results as shown 

in Table 3-2 . 

As will be clear from the results of Tables 3-1 
and 3-2, in the samples Nos. 1 to 6, 9 to 20 and 25 to 
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34 (coefficients of thermal expansion, 5 x 10" 6 / C or 
smaller; Young's moduli, 150 GPa or smaller) 
precipitating particular crystal phases according to 
the present invention, no breakage was observed after 
1000 cycles of the temperature cycle testing on ex er 
the primarily mounted side or the secondary mounted 
side, and highly reliable mounting was confirmed- 

in the samples Nos. 21 to 24 and 35 to 38 having 
coefficients of thermal expansion of larger than 5 x 
KTVc on the other hand, a large mismatching in the 
coefficient of thermal expansion has occurred between 
the semiconductor device and the insulating substrate 
in the temperature cycle testing, breakage has 
occurred in all samples after a number of cycles 
shorter than 1000 cycles, and reliability was not 
maintained in the primary mounting. 

in the case of the sample No. 39 using A1N and 
having a thermal expansion coefficient of as low as 
4 7 x 10-VC but having a Young's modulus of as high as 
3 io GPa, no breakage was observed on the primary 
mounting side after 1000 cycles of the temperature 
Tycle testing. However, since the Young's modulus was 
high and the thermal stress was not relaxed to a 
sufficient degree, the breakage occurred on the 
secondarily mounted side after a number of cycles 
smaller than 1000 cycles, and reliability in the 
mounting was not maintained. 
(Experiment 2-1) 

Filler powders (average particle size of 1 to 
urn) shown in Tables 4-1 and 4-2 were mixed into the 
glass powders A to F of Table 1 to accomplish 
compositions shown in Tables 4-1 and 4-2 

Glass ceramic sintered bodies (samples Nos. 1 to 
41) were obtained in the same manner as in Experiment 
1-1 but using the above mixtures and conducting the 
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firing under the conditions shown in Tables 4-1 and 4- 
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The above sintered bodies were measured for their 
coefficients of thermal expansion at 40 to 400 C, 
dielectric constants, Young's moduli and flexural 
strengths. The results were as shown in Tables 5 1 
and 5-2. Further, crystal phases in the sintered 
bodies of samples Nos . 1 to 38 were identified from 
the X-ray diffraction measurement. The results of 
main peak intensities arranged in order of decreasing 
intensities were as shown in Tables 5-1 and 5 2 . 

As for the cordierite crystal phase, there were 
calculated the amount X of cordierite crystals 
precipitated from the glass depending upon the amount 
of addition of glass and the amount Y of the 
cordierite powder that was added. Further, as for the 
obtained sintered bodies, the content Z of the 
cordierite crystal phase was calculated by the 
Liedbert's method. The results of measurement were as 
shown in Tables 5-1 and 5-2. 
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fts u ill oe clear fro* the resuus of Tables ^ 
^ si ? the samples Nos. 1 to 3, 5 to a, x , 
end to 3 in «hich particular crystal phases are 
^ecipitated inclusive of*. 

expansion coefficients o ,_ raer than 7, Young's 
dielectric constants of not larger than ' 
mo duli of not larger than 150 GPa, and flexural 
strengths of not smaller than 150 MPa. 

On the other hand, the samples Nos. 4 and 13 

*- — r r.,:;srr;-f : = =. 

h 6 „ all exhibited thermal expansion 
as filler powders all exnioxu 

did n ot contain t h e -^^^f^,. 

exhibited thermal expansion coefficients 

iarger than 5 ppm/C or dielectric constants of larger 

tnan 1 ' n ki^= -3R to 41 using the 

Further, in the samples Nos. 38 to 41 y 

olass powde rs E and F, the cordierite crystal phase 
w Hot precipitated from the glass and thermal 
expansion coefficients were larger than 5 ppm/C. 

^^Multi-layer wiring boards were prepared in the 
same — as in Experiment 1-2 with ^ exception of 
using the starting powders (mixed powders) of 
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c *. q in 14 to 25, and 32 to 

breakage . 

'^"sirndi'ily mounted samples having the parage 

of 20 in the same manner as in Experiment 
exception of using the starting powders (mixed 
powders, of the samples Nos. 1 to 41 in Experiment 2-1 
and effecting the firing under the conditions of 
Tables 4-1 and 4-2, and were subjected to the same 
temperature cycle testing as that of **P™* ^ 
Th e results were as shown in Tables 5-1 and 5 2^ 

As will be clear from the results of Tables i 
and 5-2, the samples (thermal expansion coefficients, 
5 x 10-Vc or smaller; Young's moduli, 150 GP« .or 
smaller) precipitating particular crystal phases did 
smaxxe li v t- , primarily mounted 

not exhibit breakage in exther the primar y 
side or the secondarily mounted side even after the 
Temperature cycle testing of 1000 cycles, offer.ng 
high mounting reliability. 

in the samples having thermal expansion 
ooefficients of larger than 5 x lO'VC mismatching in 
the thermal expansion coefficient between the 
semiconductor device and the ^sulating substrate 

„ i.rae in the temperature cycle testing that 
ore ax ,1 occurred after numbers of cycles smaller than 
1000 cycles, and reliability in the primary mounting 
could not be maintained. 

(Experiment 3-1) . 2 

Filler powders (average particle size of 1 to 2 
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„, shown in Tables 6-1 and 6-2 were ^ 

!a S s powders A to F of Table 1 to accomplish 
compositions shown in Tables 6-1 and 6-2. 

The glass ceramic sintered bodies (samples No. 1 
to 53) were obtained in the same manner as rn 
Experiment 1-1 with the exception of using the above 
mixtures and conducting the firing under the 
conditions shown in Tables 6-1 and 6-2. 

The above sintered bodies were measured for therr 
thermal expansion coefficients at 40 to 401 >C 
dielectric constants, Young's modulr and 
strengths. The results were as shown Table 7 
and 7 -2. Further, crystal phases rn the """red 
bodies of the samples were identified from the X ray 
diffraction measurement. The results of mam pea* 
intensities arranged in order of <*™»™ ^ 
intensities were as shown in Tables 7-1 and 2. 
1 As for the cordierite crystal phase, there were 
calculated the amount X of cordierite crystals 
precipitated from the glass depending upon the amount 
of addition of glass and the amount of the 
cordierite powder that was added. F "" h "' 
obtained sintered bodies, the content , of the 
., p rrvstal phase was calculated by the 
riedbert s mefhod! V results of measurement were as 

shown in Tables 7-1 and ?-2. K , orp the firing 

t j _ j ov-t-irlp^ of before une j-j-j-j-h^ 
Further, the molded articles ox 

we re machined into a size of about 20 . x about 20 mm 

, about 1 mm, fired, and the surface areas of the 

£ir ed surfaces and weights «« «"™*; % ^ a Uous 
articles were immersed in a 1 mass. h 

dividing the reductions of weights by the surface 
arias were calculated as the amounts of elutron » the 
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-i v^r, The results were as shown in 
HF aqueous solution. me ret>ux 

Tables 7-1 and 7-2. 
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As will be clear from the results of Tables 7-1 
and 7-2, the samples Nos. 5 to 9, 11, 12, 14 to 16 18 
to 37, and 4.4 to 49 containing the cordierite crystal 
phase, gahnite crystal phase and alumina crystal 
phase, exhibited good values, i.e., the thermal 
expansion coefficients of not larger than 5 x 10 /C 
dielectric constants of not larger were smaller than 
7 Young's moduli of not larger than than 150 GPa, 
reductions in the weights of when immersed m a 1- 
mass% HF aqueous solution of not larger than 3 0 
pg/mm 2 , and flexural strengths of not smaller than 200 
MPs. 

On the other hand, the samples Nos. 10, 13 and 17 
containing the glass powder in small amounts, the 
sample No. 10 using the cordierite powder in an amount 
of more than 20 mass%, the sample No. 13 contaxnrng 
the alumina powder in an amount of more than 35 mass, 
and the sample No. 17 containing the CaO-releasmg 
filler powder in an amount of more than 15 mass,, 
could not form densely sintered bodies through the 
firing of not higher than 1050C. 

?n the samples Nos. 1 and 2 in which the amounts 
of the cordierite powder were smaller than 0.5 mass%, 
the amounts of cordierite crystals in the sintered 
bodies were smaller than 20 mass%, the effect for 
lowering the thermal expansion coefficients was 
insufficient, and the thermal expansion coefficients 

were larqer than 5 x 10" 6 /C. 

in the samples Nos. 1, the amount of the alumina 
powder was smaller than 5 mass%, the amount of the 
CaO-releasing filler powder was smaller than 0.5 mass, 
and the ratio (CaO/B 2 0 3 ) in the total amounts were 
smaller than 0.01. Therefor, the flexural strength was 
smaller than 200 MPa, and the amount of elutxon m the 
HF aqueous solution was larger than 3.0 ug/mm . 
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in the samples Nos. 38 to 43 using Zr0 2 and Ti0 2 
as filler powders, further, the thermal expansion 
coefficients were larger than 5 x 10 •/ C and the 
dielectric constants were larger than ;. 

in the samples Nos. 50 to 53 using glass powders 
E and F. further, the cordierite crystal phase was not 
precipitated from the glass, the thermal expansion 
coefficients were larger than 5 ,10-/0 and the 
dielectric constants were larger than 7. 

'"'"uiri-la'ye'r wiring hoards were prepared in the 
same manner as in Experiment 1-2 with the exception of 
using the starting powders (mixed powders, used 
Experiment 3-1 and conducting the firing under the 

aqueous solution, there were obtained good «rin« 
birds without discoloration of the ceramics, stems, 
or decrease in the strength of adhesion of the wiring 



layers. 

(Experiment 3-3) 



(Experiment 3-3) narVaae 
Secondarily mounted samples havxng the package 
.ounteHn the printed hoard „er ; produced ,n a number 
of 20 in the same manner as in Experiment 
exception of using the starting powders (mixed 
rovers, used in Experiment ^ ^T-TZ - . and 

^r.J^o°r « ti.^ cyole testing 
were sudjs results were as shown 

as that of Experiment 1-3. The resux 

in Tables 7-1 and 7-2. Tab i es 7-1 

As will be clear from the results of Tables 
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and 7-2, the samples precipitating particular crystal 
phases and having thermal expansion coefficients of 
not larger 5 x 1CT 6 /°C and Young's moduli of not larger 
than 150 GPa, did not exhibit breakage in either the 
primarily mounted side or the secondarily mounted side 
even after the temperature cycle testing of 1000 
cycles, offering high mounting reliability. 

In the samples having thermal expansion 
coefficients of larger than 5 x lO'VC on the other 
hand, mismatching in the coefficient of thermal 
expansion between the semiconductor element and the 
insulating substrate was so large in the temperature 
cycle testing that breakage occurred after numbers of 
cycles smaller than 1000 cycles, and reliability in 
the primary mounting could not be maintained. 

(Experiment 4-1) 

Filler powders (average particle size of 1 to 2 
pm) shown in Tables 8-1 and 8-2 were mixed into the 
glass powders A to F of Table 1 to accomplish 
compositions shown in Tables 8-1 and 8-2. 

The glass ceramic sintered bodies (samples No. 1 
to 44) were obtained in the same manner as in 
Experiment 1-1 with the exception of using the above 
mixtures and conducting the firing under the 
conditions shown in Tables 8-1 and 8-2. 

The above sintered bodies were measured for their 
thermal expansion coefficients at 40 to 400°C, 
dielectric constants, Young's moduli and flexural 
strengths. The results were as shown in Tables 9-1 
and 9-2. Further, crystal phases in the sintered 
bodies of the samples were identified from the X-ray 
diffraction measurement. The results of main peak 
intensities arranged in order of decreasing 
intensities were as shown in Tables 9-1 and 9-2. 

As for the cordierite crystal phase, there were 
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calculated the amount X of cordierite crystals 
precipitated from the glass depending upon the amount 
of addition of glass and the amount Y of the 
cordierite powder that was added. Further, as for the 
obtained sintered bodies, the content Z of the 
cordierite crystal phase was calculated by the 
Liedbert's method. The results of measurement were as 
shown in Tables 9-1 and 9-2. 

Further, the total amounts of the cordierite 
crystal phase, enstatite crystal phase and forsterite 
crystal phase in the sintered bodies were calculated 
in the same manner as described above. The results 
were as shown in Tables 9-1 and 9-2. 
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S s will be clear from the results of Tables 9-1 
and 9-2, the samples Bob. 2 to 11. 15 to 28 and 31 to 

i„ which the oordierite and gahnite phases were 
precipitated, or enstatite or forsterite crystal 

■ - ^vhibited qood values, i.e., 

nh , ses were precipitate, exnioiteu 

the thecal expansion coefficients of not 

s x 10-VC, dielectric constants oi I not larger than 7, 

Young's moduli of not larger than 150 GPa, and 

flexural strengths of not smaller than 20 M a In 

particular, the samples Mos. 3 to 8, 10, 15 to 

31 to 40 using the cordierite powder in amounts of 1 

to 18 mass%, and enstatite powder and/or 

powder in amounts of 9.5 to 35% by mass, exhrbxted the 

coefficients of thermal expansion of not larger than 

4 4 x 10-VC, dielectric constants of not larger than 

6 Young's moduli of not larger than 140 GPa and 

flexural strengths of not smaller than 240 MPa 

in the samples Ho.. 23 tc 27 containing alumina, 
mullite, anorthite and celsian as filler P°«<»««< 
"^ther the Young's moduli could be decre ased to be 
not larger than 140 MPa while maintaining the flexural 
strengths of not smaller than 290 MPa. 

On the other hand, in the samples Nos. 1 and 
containing the filler powder in small 

dass was softened and flew so conspicuously that the 
sintered bodies could not hold their shapes and the 
samples could not be evaluated. further the sample 
No. 12 using the glass powder in an amount of seller 
than 59.5 mass* and the sample Ho. 13 contarnrng the 
.ordierite powder in an amount of larger than 20 
Zsl could not form densely sintered bodies through 
the firing at not higher than 1050C. 

in the samples Nos. 29 and 30 using ZrO, and Tr0 2 , 
the thermal expansion coefficients were larger than 5 
x 10-VC and the dielectric constants were larger than 
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7 ' m the samples Nos. 41 to 44 using glass powders 
. hp further the cordierite crystal phase was not 
USpI;.tSlr« the glass and the thermal expansion 
coefficients «ere larger than 5 x 10 /C. 

(EXper M trti-l 4 a;er wiring boards were prepared in the 
sa m e mler as in Experiment ^ »«„ exception of 

using the starting powders (mixed powders) used n 
E^riment 4-! and conducting the firing under the 

conduction of the wiring layers. -°^~ thout 
property was exhibited having small resistance 

breakage . 

'^"arlly mounted samples having the pacxage^ 
„ounted on the printed board were produced r„ a number 
o£ 20 in the same manner as in Experiment X 3 wit 

cycle testing as that of Experiment 1-3. The 
were as shown in Tables 9-1 and 9-2 

fls will be clear from the results of Tables 9 1 
and 9 - , the samples precipitating particular crystal 
"has s and having thermal expansion coefficien s o 
not larger 5 x 10" Vc and young's m oduli o f net 1 arger 

nc;n ppp did not exhibit oreaKage xn 
than 150 GPa, did n secondarily mounted side 

primarily mounted side or tne 

even after the temperature cycle testing of 1000 

cycles, offering high ^^icX^s of' thermal 
In the samples having coefficients or 

nt laraer than 5 x 10-VC on the other hand, 
expansion of larger man 
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^matching in the thermal expansion 
between the semiconductor device and the rnsulatxng 
substrate was so large in the temperature cycle 
testing that breakage occurred after numbers of cycles 
smaller than 1000 cycles, and reliability xn the 
primary mounting could not be maintained. 



10 



15 



20 



25 



30 



35 



